Abstract. We present a new lattice determination of some of the parameters appearing both in the Operator Product Expansion (OPE) analysis of the inclusive semileptonic B-meson decays and in the Heavy Quark Expansion (HQE) of the pseudoscalar (PS) and vector (V) heavy-light meson masses. We perform a lattice QCD (LQCD) computation of PS and V heavy-light meson masses for heavy-quark masses m h in the range from m The data also allow for an estimate of the dimension-6 operator matrix elements.
Introduction
The precise determination of the CKM element V cb is crucial in the search of new physics effects in rare decays (FCNC decays like B s → µ + µ − , K + → π + νν , K L → π 0 νν as well as K ) and particularly interesting nowadays in view of the anomalies in B → D ( * ) τν. As is well known, there is a longstanding tension of about 3 standard deviations between the values of V cb obtained from inclusive and exclusive semileptonic B-meson decays. In the first case the OPE is usually adopted to describe the non-perturbative hadronic physics in terms of few parametersμ as shown in Ref. [6] . The main idea of this contribution is to exploit the ETMC ratio method [7] to employ LQCD as a virtual laboratory and compute these fictitious meson masses with good accuracy.
In Ref.
[3] the heavy-quark mass m h defined in the kinetic scheme instead of the pole one, m pole h , was adopted. The main reason is that the relation between the pole mass and the bare lattice masses µ h , and therefore also the HQEs, suffers in perturbation theory from infrared renormalon ambiguities of order O(Λ QCD ) [4, [8] [9] [10] [11] . The kinetic mass m h is a short-distance mass that solves the problem by subtracting from the pole mass its infrared sensitive part [4, 12] . The same scheme is often used in the analysis of the inclusive semileptonic B-meson decays relevant for the determination V cb [1, 2] .
The relation between the simulated bare heavy-quark mass aµ h and the kinetic mass m h can be obtained in few steps. Using the values of the lattice spacing and of the renormalization constant (RC) Z P determined in Ref. [13] , we first calculate m h (2 GeV) = (aµ h )/(Z P a) in the MS scheme. Then we evolve the mass from µ = 2 GeV to µ = m h using N 3 LO perturbation theory [14] with four quark flavors (n = 4) and Λ N f =4 QCD = 297(8) MeV [15] . Finally, we make use of the relation between the kinetic mass m h and the MS mass m h (m h ), which is known up to two loops [16] 
In order to obtain a faster suppression of the exited states, it is a common procedure to adopt Gaussiansmeared interpolating quark fields [17] both in the source and/or in the sink, namely
, where L and S denote local and smeared operators, respectively. As illustrated in Fig. 1 , the SL correlations allow for an earlier plateau together with an improved signal to noise ratio, and therefore they are used in our analysis to compute the ground-state masses.
The correlation functions used in this work refer to the gauge ensembles generated by ETMC with N f = 2 + 1 + 1 dynamical quarks, which include in the sea, besides two light mass-degenerate quarks, also the strange and the charm quarks. In the ETMC set-up the gluon interactions are described by the Iwasaki action, while the fermions are regularized in the maximally twisted-mass Wilson formulation. The same ensembles are adopted in Refs. [13, 18] We start by applying the ETMC ratio method [7] to the quantity M av ( m h ) in Eq. (2) . To this end we construct a sequence of heavy-quark masses { m (n) h } with a common fixed ratio λ: m
The series starts at the physical charm quark mass m (1) h = m c = 1.219 (41) (40) conv GeV corresponding to m c (2 GeV) = 1.176(36) GeV, obtained in Ref. [13] . For each gauge ensemble the quantity M av ( m c ) can be computed by a smooth interpolation of the results in the charm region and a subsequent extrapolation to the physical pion mass and to the continuum limit using a simple, combined linear fit in both m and a 2 as shown in Fig. 2 evaluated by interpolating the results corresponding to the subset of the bare heavy-quark masses. Then, we can construct the following ratios
which have the static limit lim m h →∞ y M ( m h , λ) = 1 (see Eq. (3)). Each ratio is extrapolated to the physical pion mass and to the continuum limit using again a combined linear fit in both m and a 2 , obtaining values denoted by y M ( m (n) h , λ). Considering the ratios (7) has the advantage that discretization effects are suppressed, as illustrated in Fig. 2(b) . Thus the m h -dependence of y M can be described as a series expansion in terms of 1/ m h , namely
In Fig. 2(c) it can be seen that a linear fit with 2 = 0 is sufficient to fit the data, adopting a correlated χ 2 -minimization procedure. Finally, the chain equation (10) GeV given in Ref. [18] and consistent with other lattice determinations within one standard deviation (see, e.g., the FLAG review [20] ). The chain equation (9) can be easily extended beyond the physical b-quark point, n > K + 1, using the fitting function (8) with 2 = 0. In the case of the spin-averaged meson mass one obtains
We have evaluated Eqs. (11) into account the correlations between the lattice data, we have performed the HQE fit (3), obtaining ) and the bootstrap samplings of the inputs parameters (lattice spacing, RC Z P and physical quark masses) corresponding to the eight branches of the analysis of Ref. [13] .
Analysis of the hyperfine meson mass splittings
In this Section we apply the ratio method to the hyperfine meson mass splitting ∆M( m h ) in Eq. (2) . As in the case of the spin-averaged case, for each gauge ensemble the quantity ∆M( m c ) is computed by interpolating first to the charm region and then extrapolating to the physical pion mass and to the continuum limit using a combined linear fit in both m and a 2 , as illustrated in Fig. 4(a) . We get ∆M phys ( m c ) = 140 ( h ) with n = 2, 3, ... are evaluated by interpolating the results corresponding to the bare heavy-quark masses. We now consider the following ratios ) where the conversion coefficient c G is known up to three loops [21] and R is the evolution factor (see Ref. [3] )
The ratios (16) are extrapolated to the physical pion mass and to the continuum limit using a combined linear fit in both m and a 2 (see Fig. 4(b) ), obtaining values denoted by y ∆M ( m (n) h , λ). The m h -dependence of y ∆M can be described as a series expansion in terms of 1/ m h analogous to Eq. (8) with → ∆ . Again, a linear fit (∆ 2 = 0) is sufficient to reproduce the data, as shown in Fig. 4(c) .
Using a chain equation analogous to Eq. (9) but expressed in terms of the ratios (16) and adopting the values of the parameters λ and K determined in the previous Section to reach the physical b-quark mass (10), we get for the hyperfine B-meson mass splitting the result ∆M( m b ) = M B * − M B = 40.2(2.1) MeV, which is slightly below the experimental value M B * − M B = 45.42(26) MeV [15] , but improves the result M B * − M B = 41.2(7.4) MeV of Ref. [19] , based on the direct investigation of the V to PS meson mass ratios. Going beyond the physical b-quark point, we obtain
for K + 1 ≤ n 20. Taking into account the correlations between lattice data, we have performed the HQE fit ansatze (4), as shown in Fig. 5 . Our final results for the HQE parameters are: 
